Abstract
Introduction

39
The giant panda (Ailuropoda melanoleuca) is one of the rarest animals in the world. It is generally assumed that captive breeding centers can effectively protect giant pandas 49 from the adverse impacts of human activities. However, canine distemper virus has killed at least 50 four pandas at SWARC (Mara, 2015) suggesting that new measures are needed to protect captive 51 individuals of this iconic endangered species. Environmental pollution further stresses captive 52 animals. For example, we have shown that captive pandas are exposed to heavy metals including 53 cadmium, zinc, chromium, arsenic and lead (Chen et al., 2016) . We also found that chlorine and 54 bromine were 690% and 330% higher in feces of captive pandas than in those of wild pandas 55 (Chen and Ma, 2017) , and we therefore hypothesized that captive pandas may be exposed to and 56 affected by polybrominated diphenyl ethers (PBDEs). 
138
The flow rate of the carrier gas was 1.2 mL/min and the carrier gas was Helium. 
Results
183
Concentrations of PBDEs
184
Total PBDEs concentrations were consistently and significantly greater in captive pandas 185 and their food supply than in wild pandas and their food and water supply (Fig. 2) . In the fecal 186 samples, Σ13PBDE of captive pandas was 2.55 times greater than in wild pandas ( Fig. 2A) .
187
Σ13PBDE of Fargesia qinlingensis was 1.13 times higher, and of Bashania fargesii 1.55 times (Fig. 2D) . 190 Thirteen congeners of PBDEs were found in fecal samples; BDE47, BDE66, BDE71, 191 BDE99 and BDE154 predominated in captive pandas (Fig. 3A) . Of the dozen congeners found in 192 the two bamboo species eaten by captive pandas, BDE47 and BDE99 predominated in Fargesia 193 qinlingensis and Bashania fargesii, respectively (Figs. 3B, 3C ). Although captive pandas were 194 exposed to somewhat higher concentrations of PBDEs in their water supply (Fig. 2D) , the 195 concentrations of each congener were quite low and none predominated (Fig. 3D) . Ten PBDE 196 congeners were found in the supplemental feedstuff provided for captive pandas, with BDE28 197 and BDE183 predominating (Fig. 3E) . Finally, nine PBDE congeners were found in the blood 
215
Different letters indicate significant differences between captive and wild pandas (P < 0.05).
217
Statistical results
218
The highest positive correlations in Σ13PBDEs were detected for feces and blood vs. were not significantly correlated with any of the other samples (Table 1) . (Fig. 4) . In leaves of Fargesia qinlingensis, the first three principal axes accounted for 223 87.8% of the variance (Fig. 4A) , whereas they accounted for 62.5% for Bashania fargesii (Fig.   224 4B), and 77.4% in feedstuff (Fig. 4C) . Only one grouping was found for PBDEs in drinking captive giant pandas, whereas BDE47 is congener putting wild pandas at risk.
242
Discussion
243
The first objective of this study was to test this hypothesis that giant pandas were exposed 244 to PBDEs. Our previous research had found that Br in fecal samples of captive pandas were 3.3 245 times higher than in wild pandas (Chen et al., 2017) , and data reported here supported the 246 resulting hypothesis that captive pandas were exposed to PBDEs (Figs. 2A, 3A) . In captive (Hu, 1991, 280 2000), yet only 25% of the nutrients in bamboo can be assimilated (Zhou et al., 2008) . This diet, 281 together with the similarities in congener profiles of panda fecal samples (Fig. 3A) and the 282 clustering in the PCA, (Fig. 4B) suggest that bamboo is the primary source of PDBE exposure 283 for pandas. 
